Introduction
2-Phenylethanols and their methyl ethers are present in a variety of natural products. Parent 2-phenylethanol represents an ingredient of many etheric oils which are extracted from various flowers, such as roses. Their ethers and esters are extensively used in the parfum, cosmetics and food industries [1 -5] . Related hydroxylated natural products include hydroxytyrosol or the secoiridoidglycoside oleuropein which are extracted from the leaves and fruits of olive trees. They exhibit antioxidative, antiviral, antimicrobial, anti-inflammatory, antiproliferative and proapoptotic properties and are used as pharmaceuticals and as ingredients of food and cosmetics [6 -12] . It has been shown that hydroxytyrosol is available by an industrially applicable fermentative process using genetically modified microorganisms [13] . Hydroxylated biaryls also represent pharmacologically important core structures. The cynandiones A-C [14 -17] , isolated from many plant sources, show a broad spectrum of pharmacological activities. Likewise, structurally related flavones are of considerable pharmacological relevance [18 -24] . Biaryls are synthetically available by palladium(0)-catalyzed cross-coupling reactions [25, 26] . A limitation of this approach lies in the synthesis of the required starting materials. In fact, highly functionalized or substituted aryl halides or triflates are not readily available. An alternative strategy relies on the application of a building block strategy. In recent years, we have broadly studied the synthesis of arenes and biaryls by formal [3+3] cyclization reactions of 1,3-bis(trimethylsilyloxy)-1,3-butadienes with suitable 1,3-dielectrophiles [27 -29] . Herein, we report a new convenient and regioselective synthesis of 5-(2-methoxyethyl)biphenyls by application of this methodology.
Results and Discussion
The reaction of commercially available 5-methoxy-1-phenylpentane-1,3-dione (2) with chlorotrimethylsilane (1) gave silyl enol ether 3 (Scheme 1). The reaction of 3 with 1,3-bis(trimethylsilyloxy)-1,3-butadienes 4a-h [30 -32] (1.5 -2.0 equiv.) in the presence of TiCl 4 (1.1 equiv.) afforded the 5-(2-methoxyethyl)biphenyls 5a-h in 32 % -79 % yields (Table 1) . It proved to be important to carry out the reaction in a highly concentrated solution in CH 2 Cl 2 (2 mL mmol −1 ) at −78 • C. The products containing the phenyl group located ortho to the ester group were formed with excellent regioselectivity. The formation of the opposite regioisomers, containing the phenyl group located para to the ester group, was not observed. The moderate yields can be explained by hydrolysis or oxidative dimerization [33, 34] of the dienes. Besides the steric hindrance, the purity of each individual diene also plays an important role. The structure of 5e was confirmed by 1 H, 1 H-NOESY experiments (Fig. 1) . Diagnostic correlations were observed between the protons of the phenyl group with the iso-propoxy group and between the CH 2 groups of the 2-methoxyethyl chain with the aromatic protons of the salicylate moiety. Comparison of the spectroscopic data of 5e with those of the other derivatives suggest that all products are formed with the same pattern of regioselectivity.
In conclusion, we succeeded in the synthesis of 5-(2-methoxyethyl)biphenyls by formal [3+3] cyclocondensations of 1,3-bis(trimethylsilyloxy)-1,3-butadienes from readily available starting materials. The cyclizations proceeded with excellent regioselec- tivity. The regioselectivity may be explained by chelation of TiCl 4 by the methoxy and the silyloxy group which results in predominant activation of the carbon atom attached to the silyloxy group (instead of the carbonyl carbon atom).
Experimental Section

Synthesis of 3
To a solution of 5-methoxy-1-phenylpentane-1,3-dione (2) (4.18 g, 20.29 mmol) in pentane (1 mL·mmol −1 ) and CH 2 Cl 2 (1 mL·mmol −1 ) was added triethylamine (3.80 mL, 27.0 mmol) at 20 • C, and the solution was stirred for 30 min. Subsequently, chlorotrimethylsilane (4.15 mL, 30.50 mmol) was added, and the solution was stirred for 74 h at 20 • C. The solvent was removed in vacuo, and to the residue was added pentane (50 mL). The mixture was filtered, and the filtrate was concentrated in vacuo. The residue was again washed with pentane (50 mL), the suspension was filtered and the filtrate concentrated in vacuo to give 3 (73 %) as a red oil. Due to the unstable nature of the product, it was directly used after its preparation for further transformations.
General procedure for the synthesis of 5-(2-methoxyethyl)-2-hydroxybiphenyl-carboxylates 5a -h
To a solution of 3 (1.0 mmol) and of 4a-h (1.5 -2.0 mmol) in dry CH 2 Cl 2 (2 mL mmol −1 3) was added TiCl 4 (1.1 mmol) at -78 • C. The solution was allowed to warm to 20 • C within 6 h and was stirred for 6 -8 h at 20 • C. To the solution was added aqueous hydrochloric acid (10 %, 10 mL mmol −1 ), and the mixture was extracted with CH 2 Cl 2 (3 × 50 mL). The combined organic layers were dried (Na 2 SO 4 ), filtered, and the filtrate was concentrated in vacuo. The residue was purified by chromatography (silica gel).
Methyl 2-hydroxy-4-(2-methoxyethyl)-6-phenylbenzoate (5a)
Starting with 3 (557 mg, 2.0 mmol), 4a (521 g, 2.0 mmol) and TiCl 4 (0.22 mL, 2.0 mmol) in CH 2 Cl 2 (4 mL), 5a was isolated by chromatography (silica gel, n-heptaneEtOAc = 50 : 1 to 10 : 1) (296 mg, 52 %) as a yellow oil. 
Methyl 2-hydroxy-4-(2-methoxyethyl)-3-methyl-6-phenylbenzoate (5b)
Starting with 3 (557 mg, 2.0 mmol), 4b (549 g, 2.0 mmol) and TiCl 4 (0.22 mL, 2.0 mmol) in CH 2 Cl 2 (4 mL), 5b was isolated by chromatography (silica gel, n-heptaneEtOAc = 50 : 1 to 10 : 1) (256 mg, 43 %) as a colorless oil. 
Methyl 3-ethyl-2-hydroxy-4-(2-methoxyethyl)-6-phenylbenzoate (5c)
Starting with 3 (557 mg, 2.0 mmol), 4c (577 g, 2.0 mmol) and TiCl 4 (0.22 mL, 2.0 mmol) in CH 2 Cl 2 (4 mL), 5c was isolated by chromatography (silica gel, n-heptaneEtOAc = 50 : 1 to 10 : 1) (256 mg, 41 %) as a colorless oil. 
Methyl 2-hydroxy-4-(2-methoxyethyl)-6-phenyl-3-propylbenzoate (5d)
Starting with 3 (557 mg, 2.0 mmol), 4d (604 g, 2.0 mmol) and TiCl 4 (0.22 mL, 2.0 mmol) in CH 2 Cl 2 (4 mL), 5d was isolated by chromatography (silica gel, n-heptaneEtOAc = 50 : 1 to 10 : 1) (516 mg, 79 %) as a yellow oil. 
iso-Propyl 2-hydroxy-4-(2-methoxyethyl)-6-phenylbenzoate (5e)
Starting with 3 (2.00 mmol, 557 mg), 4a (2.20 mmol, 600 mg) and TiCl 4 (2.20 mmol, 0.24 mL) in 4 mL CH 2 Cl 2 , 5e was isolated by chromatography (silica gel, heptaneEtOAc = 100 : 1 to 20 : 1) (198 mg, 32 %) as a slightly yellow oil. 
Benzyl 2-hydroxy-4-(2-methoxyethyl)-6-phenylbenzoate (5f)
Starting with 3 (0.87 mmol, 242 mg), 4b (1.00 mmol, 340 mg) and TiCl 4 (1.00 mmol, 0.12 mL) in 3 mL of CH 2 Cl 2 , 5f was isolated by chromatography (silica gel, heptane-EtOAc = 100 : 1 to 20 : 1) (139 mg, 44 %) as a colorless oil. 
